SPECIFICATION 
TITLE 

"METHOD FOR MANUFACTURING LINEAR MOTOR LAMINATION" 

BACKGROUND OF THE INVENTION 

Linear motor cores are known which are formed of a stack of relatively 
long longitudinally extending strip laminations. Along one edge, the strip laminations 
have a plurality of teeth, typically all of a same width. At opposite ends of the 
lamination strip it is known to provide a termination tooth. Along the strip edge opposite 
the teeth, it is also know to provide part features, such as, for example "T-slots", which 
may receive a staking element or connecting element for aligning and connecting a 
stack of the straight lamination strips together. 

In the manufacture of such prior art motor laminations, it was previously known to 
employ a linear motor die in which each lamination was stamped out in a single hit. 
Thus the entire strip lamination would be produced with each stroke of the press. Such 
dies can become very large and costly. Because the entire lamination is stamped out in 
one stroke, the single hit dies require large presses and generally run at a low speed. 
Furthermore, handling the parts as they come out of the die can be difficult, and can 
result in damage to the parts. 

It is also known in the manufacture of prior art linear motor laminations to provide 
a progressive die with multiple stations. In a first station, for example, all the teeth of an 
entire strip are punched out with each stroke of the press, and in a second station with 
each stroke of the press additional features of the entire strip are punched out. As is 
the case with the single hit die described above, since the entire strip is being punched 
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out in each die station, such dies are very large and costly. Also with such prior art 
progressive dies, large presses are required which run at a low speed. And, as in the 
case of the single hit die, handling of parts as they exit the die can be difficult, which 
can result in damage to the parts. 

SUMMARY OF THE INVENTION 
It is an object of the invention to provide a manufacturing method for straight strip 
laminations which is flexible, reduces the cost and number of dies required, 
manufactures a variety of different types of straight strip laminations, and which allows 
operation on smaller presses which may generally be run at higher speeds. It is also an 
object to simplify the handling of the straight strip laminations as they exit from the 
press die. 

According to the present invention, a method is provided for manufacturing a 
straight strip lamination with a die having at least a main slot punch and a part feature 
punch. A strip is fed into the die station with a constant slot step distance progression 
and with the slot punch activated to create a plurality of slots. When a part feature is to 
be punched, the slot punch is deactivated, the part feature punch is activated, and the 
strip is fed with a part feature step distance which is different than the slot step 
distance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view of a single linear motor strip lamination produced by the die 
shown in Fig. 2; 

Fig. 2 is a plan view of the linear motor strip lamination resulting from punching a 
continuous strip fed into a die, and also showing two completed linear motor strip 
laminations which are facing each other as they exit from the die; and 
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Fig. 3 is a block diagram of the program control connected to the die with a strip 
servo feed as shown in Fig. 2. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

For the purposes of promoting an understanding of the principles of the 
invention, reference will now be made to the preferred embodiment illustrated in the 
drawings and specific language will be used to describe the same. It will nevertheless 
be understood that no limitation of the scope of the invention is thereby intended, such 
alterations and further modifications in the illustrated device, and/or method, and such 
further applications of the principles of the invention as illustrated therein being 
contemplated as would normally occur now or in the future to one skilled in the art to 
which the invention relates. 

Fig. 1 shows at 1 0A one of the two completed linear motor strip laminations 1 0A, 
B exiting from the die 17 in Fig. 2. The die is mounted in a press 200. The motor 
lamination 1 0A comprises a straight longitudinally extending strip 1 1 having at an upper 
edge a plurality of equal width teeth 12 at a given constant step distance progression 
(constant spacing), and two end teeth 1 3A, 1 3B which may have a different shape than 
the intermediate teeth 12. 

At an opposite lower edge of the strip 1 1 , a plurality of part features such as T- 
slots 1 5 are provided having a different step distance progression and a varying spacing 
pattern. The part feature, of course, could have many other shapes. T-slots are 
typically used in linear motor laminations for aligning the laminations and/or for holding 
the laminations together by elements which pass through the T-slots when the 
laminations are stacked upon one another. 
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At the end teeth 13A, 13B additional end slots 14A, 14B are provided having a 
different shape than the T-slots 15. End slots 14A, 14B can have a variety of shapes. 
Also, other types of punched-out part features can be provided in the linear motor 
lamination, depending on the type of linear motor being manufactured. Furthermore, 
the part feature pattern may also be constant (constant spacing between part features). 
Moreover, the shape of the teeth, the width of the teeth, the tooth spacing, and other 
features of the strip may change, depending on the type of linear motor lamination 
being manufactured. 

In the plan view of Fig. 2, a continuous strip 1 6 enters from the right into a die 1 7 
having a strip servo feed. The strip has a width 1 6A. The strip is typically formed of an 
electrical steel well known in the art for forming motor laminations. 

Strip servo feeds are known in the prior art. For example, two pinch rollers 1 00A, 
100B are aligned at the entry to the die for feeding the strip 16 pinched therebetween 
into the die. As is known in the prior art, the pinch rollers are driven by a servo motor 
101 which can be electrically controlled to feed the strip with each stroke of the press a 
given step distance. As is also known in the art, a program control is employed to 
control the servo motor 101 so that the step distance for each stroke of the press can 
be set for the particular entire motor lamination strip being punched out. However, as 
explained hereafter, with the system disclosed herein, the servo motor does not 
advance the strip a step distance corresponding to the length of the entire linear motor 
lamination strip, as was the case with the prior art single shot and progressive linear 
motor lamination die systems. 

Rather, with the present disclosed system, the servo motor advances the strip a 
step distance corresponding to the spacing between each, slot if one slot punch is 
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provided, for example. If more than one slot punch is employed, such as 2 or 3, then 
the advance distance by the servo motor 101 will correspond to the step distance 
between each slot times the number of slot punches. 

Furthermore, as explained hereafter, with the system disclosed herein, the servo 
motor switches to a new feed step distance for a subsequent stroke of the press 
corresponding to a part feature to be punched. 

As shown in Fig. 2, within the die 1 7 there are provided a plurality of punches. A 
main slot punch 19 forms the teeth of two adjacent linear motor laminations to be 
produced, with the teeth of each motor lamination facing each other when they exit from 
the die. Although only a single slot punch is show, it is within the scope of this 
disclosure to provide more than one slot punch. 

The die 17 also has, as part features, T-slot punches 20A and 20B. These 
punches are only shown as one example of a punch for creating a particular kind of part 
feature. Many different kinds of part features may be provided, depending on the type 
of linear motor being manufactured. 

The die 17 also includes a separator punch 22 which separates the two 
laminations and creates separated teeth facing each other. The length of the separator 
punch, of course, can vary depending on the distance between the slots 9 created by 
the punch 19. The distance 23 is known as the slot step distance progression. 

Although only a single separator punch is shown, it is within the scope of this 
disclosure to provide more than one separator punch. The distance between the T-slots 
15 may be constant (constant part feature step distance progression) or variable 
(variable progression) part feature step distance. The part feature distance is indicated 
at 21 and is known as the part feature step distance progression. 
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At the left side of the die 17 is provided the cut offend contour punch. This cut 
off-end contour punch 24 is employed at the beginning and the end of each complete 
linear motor step lamination and has punch portions 24A, B, C, D for creating the end 
notches or slots 14A, B, has a central punch portion 24G, and an intermediate punch 
portion 24 with extensions 24E, 24F functioning as a separator punch portion between 
the opposite facing end teeth 13A, 13B. 

To the left in Fig. 2 are illustrated the two finished linear motor strip laminations 
10A, 10B, with their teeth facing each other. 

In one modified embodiment, the laminations exiting from the die 17 can be 
continuous and can be rolled into a coil. Thereafter, when the coil is unwound, the 
separate motor strip laminations can be cut from the roll. In this case, of course, the cut 
off-end contour punch is not employed, except at the beginning and end of the long 
strip forming the lamination coil. 

As shown in Fig. 3, a program control 1 8 controls the die 1 7 with strip servo feed. 
The program control 1 8 activates the main slot punch 1 9 and controls the servo motor 
1 01 to create the desired slot step distance progression 23. When the T-slots are to be 
punched, the program control 18 deactivates the slot punch and separator punch 22, 
activates the feature punch (T-slot punch 28A, 28B), and changes the step distance. 

The separator punch 22 is activated when the slot punch 1 9 is activated to stamp 
out the region between each slot. When a beginning or end of a desired linear motor 
lamination is reached, the cut off-end contour punch 24 is activated. 

The method of operation of the system will now be described sequentially and in 
greater detail. 
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Assuming only a single slot punch is employed, with the slot punch actuated or 
enabled, the servo motor 101 feeds the strip a given slot step distance, which is the 
distance between slots. With each stroke of the press, a slot is punched out. Thus, the 
feeding occurs in constant slot distance steps known as a constant slot step distance 
progression until such time as a part feature is to be punched. Of course, the separator 
punch 22 is also activated during activation of the slot punch. It may be appreciated 
that the step distance progression for the slots is also the same step progression used 
for the separator punch. 

When a part feature is to be punched, the slot and separator punches are 
deactivated and the part feature punch or punches are activated, such as for the T-slots 
20A, 20B. At this time, the servomotor 101 is controlled by the program control 18 to 
advance the strip a new step distance corresponding to the distance between the 
middle of the slot and the location of the middle of the part feature to be stamped. This 
so-called "entry distance" for the example shown in Fig. 2 would be considerably 
shorter then the distance between the middle of the slots. 

After stamping the part feature, the part feature punch is deactivated and the slot 
and separator punches are reactivated. Also, the servomotor is controlled by the 
program control 1 8 to advance the strip a so-called "exit distance" corresponding to the 
difference between the slot step distance and the entry distance. At this time, the next 
slot is punched. Thereafter, the servomotor is then controlled with the normal slot step 
distance progression until the next time that another part feature is to be punched. 

Although the part features may be arranged in a given pattern with unequal 
distance between the part features as shown in Fig. 1 , the part features may also have 
a constant spacing pattern. 
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Activation of the cut off-end contour punch 24 is programmed to occur at the 
beginning and end of the linear motor strip lamination. The slot, separator, and part 
feature punches may be deactivated at this time. The servo motor can then receive a 
control command from the program control 1 8 to advance the strip a new step distance 
corresponding to a desired distance between the center of the cut off-end contour 
punch and the middle of the last or first slot of the lamination strip. 

Thus with the disclosed system and method, the strip moves in a progression of 
step distances which can be changed at any time to a new step distance corresponding 
to the part feature or cut off-end contour punch to be activated. 

With the disclosed method, the step distance progression for the part features 
does not have to be evenly divisible by the slot step distance progression. 

With the disclosed method, the die press can be small in view of the relatively 
small areas being punched out in the strip each time the press activates the die. 

In the disclosed method, the programmable servo feed varies the length of the 
progression dependent on the features being punched in a given strip at a given time. 

All punches may be cam actuated as is well known to those skilled in the art. 
The length of the straight linear motor lamination is not limited by coil widths, die, or 
press size. 

The finished product can be cut to a specific length or it can be recoiled and sold 
in coil form. 

Although the production of only two laminations is illustrated in Fig. 2, four 
laminations could also be produced by repeating the pattern shown in Fig. 2 along a 
second parallel region. 
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While a preferred embodiment has been illustrated and described in detail in the 
drawings and foregoing description, the same is to be considered as illustrative and not 
restrictive in character, it being understood that only the preferred embodiment has 
been shown and described and that all changes and modifications that come within the 
spirit of the invention both now or in the future are desired to be protected. 
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